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(57) The (R,R) optical isomer of labetalol, namely 5-[ (R)-1- 
hydroxy- 2-[{RH -methyl- 3-phenylpropyl)amino ]ethyl] 
salicylamide, and its pharmaceutically acceptable acid addi- 
tion salts, in a state substantially free of the corresponding 
(R,S), (S,R) and (S,S) optical isomers, are novel compounds 
with favourable therapeutic properties in comparison with 
labetalol. They can be used in particularjn the treatment of 
hypertension. 

The novel (R,R) optical isomer and its pharmaceutically 
acceptable acid addition salts can be prepared by removal of 
the protecting groups from an N,0-protected (R r R) optical 
isomer or acid addition salt thereof, wherein the basic nit- 
rogen atom and the phenolic hydroxy group are protected, 
preferably by hydrogenolytic removal of hydrogenolysable 
groups. 
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A PHENYLALKYLAMINOETHYLSALICYLAMIDE, ITS PREPARATION 
AND PHARMACEUTICAL COMPOSITIONS CONT AINING -IT. . 

This invention relates to a phenylalkylaminoethylsalicyl- 
amide, its preparation and pharmaceutical compositions 
5 containing it. More particularly it relates to one op- 
tical isomer of labetalol, 5- [l-hydroxy-2-(l-methyl-3- 
-phenylpropy lamino ) -ethyl] salicy lamide . 

The substance labetalol is known from British patent specifi- 
cation 1,266,058 and U.S. P. H,012,^H. Its pharmacological 
10 properties are discussed by Farmer et. al. in British Jour - 
nal of Pharmacology , * 5 : 660-675 (1972), who designate it 
AH5158; it is shown to block a- and g-adrenergic receptors, 
suggesting that it would be useful in the treatment of 
arrhythmia, hypertension and angina pectoris. 

15 The unique pharmacological properties of labetalol and its 
use as an antihypertensive agent are said to be largely a 
function of the exquisite balance of its a- and fi-blocking 
activities. The file history of U.S. P. H, 012,4^ indeed in- 
dicates that slight changes in the chemical structure of 
20 labetalol deleteriously affect this balance, and, even in 
the few analogous compounds where the balance is retained, 
the absolute potencies of these compounds are shown to be 
too low "for them to be useful antihypertensive agents. There 
fore, in the treatment of hypertension, labetalol is the 
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„ compound of choice among those disclosed in British patent 

» 

specification 1,266,058 and U.S. P. 4,012,444. 

Labetalol has two asymmetrically substituted carbon atoms 
and therefore can exist as two diastereoisomers and four op- 
5 tical isomers. Indeed, British patent specification 

1,266,058 and U.S. P. 4,012,444 disclose that compounds such 
as labetalol have optically active forms, but give no exam- 
ple- of an optically active form. These patent specifications 

- .teach that "the racemic mixtures may be resolved by conven- 
10" tional methods, for example by salt formation with an opti- 
cally active acid, followed by fractional crystallization", 

- but give no method of resolution. Example 14 of each specifi- 
: cation does indeed describe the separation of labetalol into 

two diastereoisomers "1" and "2", using benzoic acid, but 
15 this is not an optical resolution. In British patent speci- 
fications 1,541,932 and 1,541,933, "isomer 1" is designated 
"diastereoisomer A" and is characterised as that diastereo- 

- isomer whose hydrochloride salt has the higher melting point. 
These two British patent specifications also disclose that 

20 diastereoisomer A is a valuable antiarrhythmic agent since it 
has strongly reduced 3-adrenergic blocking activity and is 
therefore useful in the treatment of people who have 
suffered myocardial infarction. 

We have now discovered that diastereoisomer A is composed of 
25 the (S,R) and (R,S) optical isomers of labetalol, "whereas di~ 
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astereoisomer B is composed of the (S.S) and (R,R) optical is- 
omers. We have also • surprisingly found that tbe novel (R,R) op- 
tical isomer of labetalol exhibits, in comparison with labe- 
talol itself, both an unexpectedly high increase in 3-adrener- 
5 gic blocking potency and a decrease in a-adrenergic blocking 
potency. Thus, when the (R,R) optical isomer is compared with 
labetalol, the ratio of the 0-adrenergic blocking potency to 
the a-adrenergic blocking potency is found to be greatly and 
unexpectedly increased. In particular, animal 

10 tests have indicated that the (R,R) optical isomer has about 
twelve times the -3-blocking potency of labetalol, but only 
about one third of the a-blocking potency of labetalol. These, 
properties could in no way have been predicted theoretically, 
especially as the 3-blocking potency of diastereoisomer B is 
15 not significantly different from that of labetalol and the a- 
blocking potency of diastereoisomer B is half that of labeta- 
lol. Indeed, it is clear, when the activities of the four opti- 
cal isomers of labetalol are compared, that the activities of 
the diastereoisomers A and B and indeed of labetalol itself 
20 cannot be calculated" from the activities of their components. 
One can put - this the other way around by saying that the a- 
and 3-blocking activities of the four optical isomers of 
labetalol do not merely average to give the a- and 3-blocking 
activites of labetalol and of its diastereoisomers A and B. 
25 Some of the activities are much greater than could ever have 
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' been expected on a simple basis of mathematical proportions, 
in particular the high 0-blocking activity of the (R,R) op- 
tical isomer: this activity is much higher than the 0-bloe- . 
king activity of diastereoisomer B so that antagonism evi- 
5 dently exists between the (S,S) and (R,R) optical isomeis with 
respect to the 0rblocking activity. This degree of antago- 
nism could in no way have been foreseen. In the absence of 

•'- this antagonism, the (R,R) optical isomer shows a balance of 
properties that make it the optical isomer of choice in the 

10 treatment of hypertension. In particular, the (R,R) optical 
isomer possesses potent antihypertensive activity and rapid 
onset of activity while substantially lacking the undesi- 
rable side*-e.£fects usually associated with a-blockade, e.g. 
postural hypotension. 

15 The following Table shows the relationships between labetalol, 
its diastereoisomersA and B and the four pure optical iso- 
mers; below each compound are given its potencies as an 
a-blocking and then as a 0-blocking agent, all relative to 
the values for labetalol (assigned values 1.0 for each 

20 blocking activity): 



-* 
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labetalol 

1.0; 1.0 
1 



r i 

diastereoisomer A diastereoisomer B 

1.2; 0.16 0.5; 1-2 

I 1 1 \ 1 

(S,R)- (R,S)- (S 3 S)- (R,R>- 

isomer isomer isomer isomer 

H.9; 0.05 O.iJ; 0.3 0.8; 0.02 0.3; 12.3 



This table clearly shows the unexpectedly high p-blocking 
activity and ratio of J3-: a-blocking activities possessed 
by the (R.,R)-optical isomer. Additionally, the (R,R)- 

-optical isomer has been found to possess greater direct pe- 
ripheral vasodilation activity than labetalol, and this al- 
so contributes to its anti-hypertensive activity. Moreover, 
the (R,R)-optical isomer is substantially non-toxic at 
therapeutic doses. 

According to the invention therefore we provide the 
(R,R)-optical isomer of labetalol, namely 5- {( R )" 

-1-hy droxy-2- [ ( R) - ( 1-methy l-3~pheny lpropyl ) amino) ethyl J 
salicylamide, which can be characterised by means of its 
hydrochloride salt which is dimorphic with m.pts. of 
about 133-13^°C and about 192-193- 5°C. and an [a] D 
of about -30.6° (coric. 1 mg./ml., ethanol) , said (R,R) 



U009702 

- o - 

optical isomer being substantially free of the correspon- 
ding (R 3 S) a (S,R) and (S a S) optical isomers 9 and the pharma- 
ceutically acceptable salts thereof. Such salts include 
especially the above-mentioned hydrochloride salt, the 
sulfate, maleate, tartrate and citrate salts, and also* the 
acetate, phthalate, succinate, lactate, malate, cinnamate, 
hydrobromide and phosphate salts. 

As far as we know, no one has succeeded in resolving labe- 
talol by standard methods and no individual optical isomer 
-of labetalol has yet been disclosed. Indeed, we ourselves 
have tried several standard methods of resolving labe- 
talol by salt formation with an optically active acid, but 
all these standard methods have failed. In particular, 
all our attempts to resolve diastereoisomer B of labetalol 
using the following reagents have failed: N-acetyl-L- 
-leucine, N-tosyl-L-(+) -glutamic acid, N-tosyl-L-leucine 
and N-tosyl-D-leucine. We have therefore concluded that 
attempts to resolve diastereoisomer B by such methods are 
likely to fail and that stereospecific synthesis most 
probably offers a more fruitful route to the individual 
isomers of labetalol and in particular to the (R,R) optical 
isomer thereof. An especially preferred embodiment of such 
a stereospecific synthesis is shown in the following 
reaction scheme: 
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H 2 NC0 




Wil-HH^ . •+ CH V CO.CH,.CH..0 



(2) 



(3) 



H 2 NC0 \ TS ^S^ v ^ COCH 2 Br 



0CH 2 O 




0CH o .NH. CH. CH„ . CH 0 . 0 

d | 2 2 

/ (5) CH 3 C(+)-(R>] 



H„NCO^^\^CO . CH 0 . N.CH.CH o .CH„.0 



0CH 



Dl 



•I 



0CH 2 CH 3 



(6) 



OH 



H o NC0-^_ sJ ^v > ^- CH . CH D . N . CH . CH~ . CH„ . 0 

XT* / \ 



0CH 2 O 



0CH o CH. 



(7) and (8) 



(R,R) : (S,R) 
about 85:15 



D2. 



H 2 NCO 
0CH 2 O- 




9 H 

CH.CH^.N.CH.CH 2 .CH 2 .0 



i- y \ 



0CH~ CH- 



E. 



I 



(7) 



HgNCO- 
HO- 




9 H * 

CH . CH 0 .NH.CH . CH„ . CH 0 . 0 
* 2 | 

CH, 



HC1 
(9) 



[(-)-(R,R)] 



In this reaction scheme: 
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compounds (6), (7), (8) and (9) are novel and are features 
of the invention; 

"0" shows an unsubstituted phenyl group and asterisks 
indicate asymmetrically substituted carbon atoms; and 

the various steps can be described in general terms as 
follows : 

A: (i) Formation of phenolate salt with a strong base in 
an organic solvent; 
(ii) introduction of a protecting group on to the 
phenolic oxygen atom; 
(iii) bromination with bromine in an inert organic 
solvent • 

B: (i) Condensation to a Schiff's base, e.g. by hea- 
ting in a water-immiscible organic solvent in 
the presence of an acid catalyst with azeotro- 
pic removal of water; 
(ii) reduction of the Schiff's base to a secondary 
amine ; 

(iii) resolution of this secondary amine into its op- 
tical antipodes and isolation of the (+)-(R)- 
optical isomer. 

C: Condensation to a tertiary amine by reaction in an. in- 
ert organic solvent in the presence of an 
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acid binding agent. 
Reduction* 

D2: Separation cf isomers- e.g. by chromatography. 

E: Hydrogenolysis of protecting groups with hydrogen 
5 and a catalyst and isolation of the (R,R) optical 

isomer e.g. as an acid addition salt. 

The novel and inventive process is of course not restricted 
exactly to the sequence of steps given above. 

According to the invention, one process for the preparation 
10 of the novel (R 3 R) optical isomer of labetalol and of 

its pharmaceutical^ acceptable acid addition salts, sub- 
stantially free of the corresponding (R,S), (S,R) and 
(S,S) optical isomers, comprises removing the protecting 
groups from an N s O-protected (R,R) optical isomer or acid 
15 addition salt thereof, the term "N , O-prot ected" indicating 
that the basic nitrogen atom and the phenolic hydroxy group 
are protected, and isolating the resulting (R,R) optical 
isomer as the free base or as a pharmaceut ically acceptable 
acid addition salt. 



Dl: 



20 



The protecting groups are preferably such groups as can be 
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removed by hydrogenolysis z . e.g. by /neans of hydrogen and 
palladium on carbon; examples of such groups include the 
N- or 0-benzyl, N- or O-benzyloxycarbonyl* N- or 0-benzhydryl 5 
N-trichloroethoxycarbonyl or N-trityl group. Preferably 
5 both protecting groups are benzyl groups. Alternatively 3 the 
protecting groups can be such groups as are removable by 
mild hydrolysis , e.g.* an N- or O-benzyloxycarbonyl or N-tri- 
fluoroacetyl group. 

The NjO-protected (R,R) optical isomer used as starting 
10 material in the above process according to the invention 
is preferably obtained by resolution of an N, O-protected 
(R 3 R) (S,R) diastereoisomeric mixture. This resolution can 
conveniently be effected by physical methods 3 e.g. 
by chromatography especially on silica gel. This N,0-protec- 
15 ted (R 3 R) (S 3 R) diastereoisomeric mixture can be obtained 
by reduction of an N,0-protected 5- | N- [ (R)-l-methyl-3- 
-phenylpropyl]glycyl J salicylamide, preferably by means of 
a borohydride in an organic solvent ^especially sodium 
borohydride in a lower alkanol such as methanol or ethanol. 
20 Other reducing agents that can conveniently be used include 
lithium borohydride or an alkali metal alkylborohydride, 
e.g. lithium or potassium tri-s-butylborohydride or li- 
thium or potassium tri-( 3-methyl-2-butyl)borohydride , in. 
an organic solvent such as tetrahydrofuran. 
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The H j. C-prct-a ctad 5- ; : : ' ' 1 : --T^ st « rbti^yiprc?^! "«-/Ci:>- 
cyl| salicylamide can oe obtained by condensation of 

4- 0-protected-a-bromo--3~carban)oylacet ophenone with an 
(R)-N-protected-l-i!;et^yl-3~pxienyipropylamine 5 for example 
in the presence of an excess cf zhe latter reagent P or of 
triethylamine or 2 ,2,6,6-tetramethylpiperidine or espe- 
cially of potassium carbonate as acid binding agents and 
also of dimethylf ormamide as organic solvent. 

The ^-0-protected-a-bromo-3~carbainoylaceiGopfrenone can be 
prepared by protection of the phenolic hydroxy group of 

5- acetylsalicylamide , e.g. by formation of an alkali salt 
and benzylation with benzylchloride; the bromine atom in 
the side chain can then be introduced by bromination with 
bromine in chloroform. 

The (R)-N-protected-l-methyl-3-phenylpropylamine can be 
prepared by condensation of an amine carrying a suitable 
protecting group , e.g. benzylamine , with benzyl acetone, 
preferably under reflux in a water - immiscible organic sol- 
vent and in the presence of a strong acid catalyst e.g. 
£-toluenesulfonic acid, with continous removal of water. 
The resulting Schiff's base is then reduced under mild 
conditions, e.g. with sodium borohydride in methanol, 'so 
as not to remove the protecting group. Alternatively, 
the N-protecting group can be directly introduced 

into l-methyl-3-phenylpropylamine. The N-protected 

BAD ORIGINAL 
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l-methyl-3-phenylpropylamine can then be resolved and the 
(+)-(R)-optical isomer isolated, e.g.. with N-p-tcluenesuI- 
fonyl-(L) -leucine followed by N-acetyl-(L) -leucine, or with 
N-p_-toluenesulfonyl-(D)-leucine- Other reagents that may be 
used include 2,3,5,6-di-0-isopropylidene-2-keto-(L)-gulonic 
acid and the D- and L- forms of dibenzoyl tartaric acid, 
ditoluoyl tartaric acid and mandelic acid. If desired, the 
resolution can be deferred until step C (condensation) 
has been carried out. 

A further feature of the present invention comprises a 
process for the preparation of the (R,R) optical .isomer 
of labetalol and its pharmaceutical^ acceptable acid 
addition salts, substantially free of the corresponding 
(R,S), (S,R) and (S,S) optical isomers, consisting of 
the steps of condensing a ll-0-proteeted-a-bromo-3- 

-carbamoylacetophenone with an N-protected-l-methyl-3- 
-phenylpropylamine, obtaining an N,0-protected 



-l-methyl-3-phenylpropyl]glycyl j salicylamide either by 
using an (R)-N-protected-l-methyl-3-phenylpropylamine 
in the foregoing condensation or by resolving the resul- 
ting racemic N,0-protected 5-[N-l-methyl-3-phenylpropyl) 
glycyl ] salicylamide, reducing the N,0-protected 5-jN- 



[(R)-l-methyl-3-phenylpropyl]glycylj salicylamide to a mix- 
ture of an N,0-protected 5- { (R)-l-hydroxy-2- [ (R)-(l-methyl 



♦ — *- 
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-3-phenylpropyl)aminoj«trxyi | Cilicylaaii^e arid rh-3 cor- 
responding (S,R) optical issuer, separating from this nsix- 
- ture the N,0-protected 5- | (R)-l-hydroxy-2- [ (R)-(l-methyl- 
-3-phenylpropyl) amino] ethyl | salicylamide, removing the 
5 protecting groups therefrom and isolating 5~ £(R)-1- 

-hydroxy-2- [(R)-(l-methyl-3--phenylpropyl)amino] ethyl j sali- 
cylamide as the free base or as a pharmaceut ically accep- 
table acid addition salt thereof. 

A preferred feature of this process comprises the 
10 steps of condensing 4-benzyloxy-a-bromo-3-carbamoyl- 

acetophenone with (R)-(0~N-benzyl-l-methyl-3-phenyi- 
propylamine to yield 2-OH3enzyl~5~^N-benzyl-N- [ (R^l-methyl- 
^-phenylpropyl] glycyl*j salicylamide , reducing this 

compound to a mixture of 2-0-benzyl-5~ £ (R)-l-hydroxy- 
1 ^ j* -2-[(R)-(l-methyl-3-phenylpropyl)benzylamino]ethyl| salicyl- 
amide and the corresponding (S,R) optical isomer, sepa- 
rating from this mixture 2-0-benzyl-5~ J (R)-l-hydroxy-2- 
- [ (R)- ( l-methyl-3-pheny Ipropyl )benzylamino] e thyl^ sali- 
cylamide., removing the protecting N- and O-benzyl groups 
20 therefrom by hydrogenolysis and isolating 5- [ (R)- 

-l»hydroxy-2-[(R)-(l-metliyl-3-phenylpropyl)amino] ethyl J sa- 
licylamide as the free base or as a pharmaceutical^ accep- 
table acid addition salt thereof. 
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This preferred process can be carried out under condi- 
tions described above. Thus the step of condensing is 
preferably effected in the presence of potassium carbonate 
as acid binding agent and of dimethylf ormamide as inert 
organic solvent; the step of reducing is preferably effec- 
ted by means of an alkali metal borohydride in an inert 
organic solvent; and the step of separating is convenient- 
ly effected by chromatography. 

The R,R-isomer can be isolated as the free base or as a 
pharmaceutic ally acceptable acid addition salt. These 
salts can be prepared by standard methods. 

The hydrochloride salt of the novel (R,R) -optical iso- 

mer is dimorphic and exists in tvro crystalline forms m.pt. 
about 133-13 / l 0 a and about 192-193. 5°C The characterising 
constants given in the Example (part E) are for the higher 
melting (presumably the thermodynamically more stable) cry- 
stalline form, although either form may be obtained. 

The a- and 0-blocking activities discussed earlier in 
this specification can be determined by known methods, 
e.g. by those of Farmer et .al. , Brit . J. Pharm. , k5 9 
660 (1972); Robson, J. Pharm. Exp. Therap ., 175 , 157 
(1970), and Levy, Arch. Int. Pharmacodyn. Ther ., 20*J ,. 
143 (1973). 
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The following Example d^s^ribes the preparation of the 
active compound of the present invention ana intermediates 
in its preparation. 

EXAMPLE 

A, 4-Benzyloxy-a~broTno-3--carbamoylacetophenone (4 ) 

To a solution of 115. 4 & (0.644 mol.) of 5-acetylsali- 
cylamide (1) in 1.2 liter of dimethylf ormamide add 33-1 g- 
(0.613 mol.) of sodium methoxide in small portions with 
cooling and stirring. Heat the mixture on a steam bath 
and add 75 ml. (0.652 mol.) of benzylchloride dropwise. 
Continue heating and stirring for 7 hours. After 
stirring and cooling, pour the mixture into 6 liters 
of ice-water containing 15 g. of sodium carbonate. 
Filter, wash well with water, digest with 700 ml. of 
ethanol, chill and refilter to obtain analytically pure 
4-benzyloxy-3-carbamoylacetophenone , m .p , 157-l60°C . 

To a refluxing, stirred solution of 127-0 g. (0.47 mol.) 
of 4-benzyloxy~3-carbamoylacetophenone in 1.2 liter of 
chloroform, add a few ml. of a solution of 76.5 g. (0.49 
mol») bromine in 220 ml. of chloroform and wait until 
the colour is discharged (ca. 5-10 min.). Cool the hot 
solution to room temperature and add the remaining bromine 
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solution dropwise with stirring at room temperature 
until precipitation begins; then reflux the reaction 
mixture and continue the dropwise addition. After 
refluxing for 10 rain, following completion of the 
addition, chill the solution in an ice bath, filter 
off the solid and wash it with cold chloroform. Stir 
the crude solid for 20 min. in 800 ml. of ice-cold 
water, filter it off, wash it well with water and dry 
it. Recrystallize it from methylethyl ketone to afford 
two crops of the product (4), m.p. 150-152°C. and m.p. 
1H6-1H9 0 C., both of which are usable for the preparation 
of 2-0-benzyl-5-{ N-benzyl-N-I (R) -l-methyl-3 _ pbenyl- 
propyllglycyl} salicylamide (6). 



B 



(RV^( + y-N -Benzyl-l-methyl-3-phenylpropylamine (5) 



In an apparatus fitted with a Dean and Stark trap, 
reflux a solution of 1.0 kg. (6.75 mol.) of benzyl- 
acetone (3), 725 & (6.75 mol.) of benzylamine (2) 
and 5.0 g. of p-toluenesulfonic acid hydrate in 7 liters 
of benzene for lU hours. Remove the solvent in vacuo 
and dissolve the residue in 6.5 liters of methanol. 
With cooling and stirring, carefully add 125 g. of sodium 
borohydride and stir the mixture for 16 hours at room 
temperature. Remove the methanol in vacuo, add 2 liters 
of water and H liters of benzene, and extract the product 



# 41 
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into the benzene. Dry the solution over anhydrous 
magnesium sulfate, filter , and distil the filtrate, 
collecting the fraction b.p. l45-150°G/0 . 5mm. Dissolve 
1,028 g. (4.288 mol.) of the distillate and 1,230 g. 
(4.328 mol.) of N-p-toluenesulfonyl-(L) -leucine in 
7.2 liters of boiling ethanol and allow to cool to 
room temperature without agitation. Wash the resulting 
precipitate with a small amount of ice-cold ethanol, 
recrystallize it from 4.8 liters of -ethanol, filter 
off the solid product and wash it with ice-cold ethanol. 
This solid product is highly enriched with the salt of 
the tmdesired (S)-enantiomer. Combine the mother 
liquors from the original precipitation and from the 
recrystallization, remove the solvent and recover the 
free base by basifying with 500 ml of 20% aqueous sodium 
hydroxide and extracting with benzene. After drying 
over anhydrous magnesium sulfate, filtering and 
removing the benzene 3 dissolve the residue [4 87 g. 
(2.04 mol.)] and 346 g. (2.06 mol.) of N-acetyl-(L)- 
. leucine in 2.0 liters of boiling ethanol and allow the 
solution to cool to room temperature. Filter off the 
product and recrystallize it once from 1.8 liter of 
ethanol and then from 4.0 liters of acetonitrile to ^ 
obtain the salt of the desired (R)-enantiomer with 
N-acetyl-(L)-leucine, m.p. 151-152°C. Basify with 
400 ml. of aqueous 2.5N sodium hydroxide, extract with 
ether, dry over anhydrous^ magnesium sulfate, '.filter 
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and remove the solvent in vacuo to obtain the product 
'(5), [a]* 6 = +4.5° (c = 5-0, ethanol); 

C. ' 2-0 -BerizyT-5-'f U-tterfzyT- N - [ (R) -1 -methyl -3-phenyl- * 

propyl] glycyl | salicylamide (6) 

5 Stir a mixture of 22*1 g. (0.9^ mol.) of (R)-(+)-N-benzyl- 

1- methyl-3-phenylpropylamine (5), 372 g.(ca. 1.07 mol.) 

of 4HDenzyloxy-a-bromo-3-carbamoylacetophenone (4) and 372 g. 
(2.7 mol.) of potassium carbonate in 1.6 liters dimethyl- 
formamide at room temperature for 4 hours (reaction mildly 
10 exothermic). Add 8.7 liters water and extract with ether, 
dry over anhydrous sodium sulfate , filter, and remove the 
ether in vacuo (up to 30-4o°C.) to yield the crude product 
(6) as a syrup. 

D. 2-0 -Benzyl-5-f (R)-l-hydroxy-2-[ (R)-(l-methyl-3- 
15 phenylpropyl) benzylamino] ethyl } salicylamide (7) , 

l.(a) Dissolve 520 g. (not more than 0.9*1 mol.) of crude 

2- 0-benzyl-5— £ N-benzyl-N- [ (R)-l-methyl-3-phenylpropyl] 
glycylj salicylamide (6) in 3.1 liters ethanol and, with 
stirring and cooling, add portionwise 35.5 & (0.9^ mol.) 

20 of sodium borohydride. Stir the mixture at room tempera- 
ture for 16 hours, remove the solvent in vacuo , add 3.2 
liters water and heat the mixture for 30 minutes on a steam 
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bath. Cool, extract with benzene, dry the benzene layer 
over anhydrous magnesium sulfate, f liter, § remove the 
solvent " in vacuo , and obtain the crude product as a syrup 
(ratio R,R:S,R ca. 85:15). 

The following procedures show that this reduction can be 
carried out by a variety of further reducing agents: 
(b) Add one ml. of 0.5M potassium tri-sec-butylborohydride 
solution in tetrahydrofuran to a cold solution of 200 mg. 
of the crude aminoketone (6) from step C in 10 ml. of 
tetrahydrofuran with stirring and cooling in an ice bath. 
Stir for another thirty minutes. Heat a sample with a 
few drops of methanol; thin layer chr omat ogr aphy ' on silica 
gel using chloroform: ethyl acetate (3:1) as developing 
solvent shows that the ratio of isomers (R,R):(S,R) in 
the product is about 70:30. 

(c) Add 0.5 ml. of 1.0M lithium tri-sec-butylborohydride 
solution in tetrahydrofuran to a coM solution of 100 mg. 
of the crude aminoketone (6) from step C in 10 ml. of 
tetrahydrofuran with stirring and cooling in an ice bath. 
Stir for another ten minutes, then hydrolyse with a few 
drops of ethanol. Distil off the solvent and extract the 
residue with benzene and water. Separate the benzene 
layer, dry -it over anhydrous sodium sulfate, filter and 
distil off the benzene. The ratio of isomers (R,R):(S,R) 
in the product is shown by pmr spectrum to be about 80:20. 




- 20 - 0009702 

(d) Replacement of the solvent (10 ml. of tetrahydrofuran) 
for the crude aminoketone (6) with 10 ml- of benzene in 
procedures (b) and (c) gives almost identical results to 
those of procedures (b) and (c). 

(e) Dissolve 63.O g. of crude aminoketone (6) from 
step C in a mixture of 960 ml. of benzene and kO ml. of 
tetrahydrofuran, and decant off the solution from inso- 
luble material. Add this solution dropwise to a 
suspension of -4.20 g. of lithium borohydride in 480 ml. 
of benzene and 20 ml. of tetrahydrofuran with stirring 
and cooling in an ice-bath. Stir for an additional two 
hours, then decompose with water. Separate the organic 
layer and dry it over anhydrous sodium sulfate. Filter 
and evaporate the filtrate to dryness on a rotary 
evaporator. The ratio of isomers (R,R):(S,R) in the 
product is shown by pmr spectrum to be about 70:30. 

2, (a) Chromatograph 4? g. of the crude mixture from 
e.g. l.(a) above on 1.5 kg. of thin layer grade silica 
gel with chloroform : ethyl acetate (3:1) and obtain the 
pure product (7), which is eluted first. This compound's 
pmr spectrum in CDCl^ is assigned as follows: S =1.02 
(d,C-CH 3 ; J=7 Hz), 1.42-2.00 (m,-C(CH^)-CH 2 -) , 3-66 
(q,N-CH 2 -C 5 H 5 ), 4.62 ( q,CH0H), 5.15( s ,00^-0^) . 
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(b) '-he product -from 1(b) to (e) can similar J.y be resolved: 
e.g., chromatography of the product (53 g. ) from 1(e) on 
1,200 g. of a silica gel column using chloroform : ethyl-ace- 
tate (3:1) provides the pure product (7). 
5 e. (-)-5- | (R)-l-Hydroxy-2-[(R)-(l-methyl-3-phenylpropyl)- 
amino] ethyl} salicylamide hydrochloride salt (9) 
Treat a solution of 3.0 g. (0.0059 mol.) of 2-0-benzyl-5-J (R) 
-l-hydroxy-2-I(R)-(l-methyl-3-phenylpropyl)henzylamino] ethyl] 

salicylamide in 30 ml. of ethyl ether with 2N ethereal hydro- 
10 gen chloride until no further precipitation occurs. Wash the 
precipitated 2-0-benzyl-5~ { (R) -l-hydroxy-2- [(R)-(l-methyl- 
-5-phenylpropyl)benzylamino] ethyl} salicylamide hydrochloride 
with ether to remove excess hydrogen chloride and dissolve it 
in 100 ml. ethanol. To the ethanol solution add 300 mg. of 
15 a 20% palladium hydroxide on carbon catalyst and hydrogenate 
(3 atm.; 3.1 kg. cm." 2 ) in a Paar apparatus with shaking at 
room temperature for 3 hours. Filter off the catalyst, eva- 
porate, and triturate the solid residue with isopropanol. 
Dissolve the solid in 11 ml. of IN sodium hydroxide, adjust 
20 the pH to about 8 and precipitate the free base by bubbling 
in carbon dioxide. Collect the free base, wash it with wa- 
ter and dry it in vacuo at 40°C. Chromatograph the free base 
on *150 g. of silica gel and dissolve the pure product in 20 
ml. of boiling acetonitrile . Cool the solution and carefully 
25 acidify with 2N ethereal HC1 to about pH2. Solidify the gum 
which precipitates by refluxing the mixture for 10 minutes, 
filter off the solid, wash it with ethyl ether and recrys- 
tallize it from ethanol to obtain analytically pure product 
(9), m.p. 192-193. 5°C. (dec), [a] 26 = -30.6° (c = 1.0, ethanol). 

30 The (R,R) isomer and its pharmaceutically acceptable salts 
are useful in the treatment of cardiovascular disorders 
and particularly in the treatment of mammalian hypertension. 
They can also be used for direct peripheral vasodilation 
and in the treatment of glaucoma. They are preferably 
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administered orally but can also be administered by injec- 
tion. Laboratory tests indicate that the effective oral dose 
(ED^) for the (R,R) isomer or a pharmaceutically acceptable 
salt thereof will typically lie within the range of 0.01 to 
25 mg./kg., preferably 0.5 to 5 mg. /kg., of mammalian weight. 

The invention therefore provides pharmaceutical composi- 
tions containing as active ingredient 5- £ (R)-l-hydro- 
xy-2-[(R)-(l-raethyl-3-phenylproj)yl)amino] ethyl j sali- 
cylamide or a pharmaceutically acceptable acid addition 
salt thereof 3 together with a pharmaceutical carrier or 
excipient, said (R,R) optical isomer being substantially 
free of the corresponding (R,S), (S,R) and (S,S) optical 
isomers. The compositions are preferably in the form of 
dosage units, e.g. tablets, pills, capsules, suppositories 
or injectable preparations in ampoules. The compositions may 
also be for example in the form of powders, syrups, elixirs 
or suspensions. The required daily dosage may be adminis- 
tered in single or divided doses. The exact dose to be 
administered will, of course, be dependent upon various 
factors such as the age and weight of the subject mammal 
and the individual response. Dosage units preferably con- 
tain from 2 to 500 mg. , more preferably from 10 to 200 mg., 
of the (R,R) isomer according to the invention (or pharma- 
ceutically acceptable acid addition salt thereof ) . 



- 23 - 



0009702 



Typical pharmaceutically acceptable carriers for use in 
formulations described above are exemplified by: sugars 
such as lactose, sucrose, mannitol and sorbitol; starches 
such as corn starch, tapioca starch and potato search; 
cellulose and derivatives such as sodium carboxymethyl 
cellulose, ethyl cellulose and methyl cellulose; 
calcium phosphates such as dicalcium phosphate and tri- 
calcium phosphate; sodium sulfate; calcium sulfate; 
polyvinylpyrrolidone; polyvinyl alcohol; stearic acid; 
alkaline earth metal stearates such as magnesium stea- 
rate and calcium stearate; vegetable oils such as 
peanut oil, cottonseed oil, sesame oil, olive oil and 
corn oil; non-ionic, cationic and anionic surfactants; 
ethylene glycol polymers; 3-cyclodextrin; fatty 
alcohols; hydrolyzed cereal solids; and other non-toxic 
compatible fillers, binders, disintegrants , and lubricants 
commonly used in pharmaceutical formulations* 

In treating certain patients with the R,R-isomer of this 
invention, it may be desirable to include other pharma- 
ceutical^ active ingredients in the same composition . 
For example, in treating patients in whom salt and 
water retention is a problem, effective amounts of a 
diuretic, e.g., hydrochlorothiazide or trichloromethia- 
zide, may be included. 
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Ph a a^ati-ca .1 Fo rr?j u 1 s t i c r. 3 

In the following examples, the active ingredient is pre- 
ferably 5-{ (R)-l-hydroxy-2-[(R)-(l-methyl-3-phenyl- 
propyl) amino] ethyl} salieylamide hydrochloride, but an 
equivalent quantity of the (R,R) isomer itself or of 
another pharmaceutically acceptable acid addition salt, 
especially a salt named herein, may be substituted: 



Injectable Solution: 


irig.Viril . 


Active ingredient 


5.00 


Methyl p-hydroxybenzoate 


0;80 


Propyl p-hydroxybenzoate 


0.10 


Disodium Edetate 


0.10 


Citric Acid Monohydrate 


0.08 


Dextrose 


40.00 


Water for injection qs ad 


1.00 ml. 



Manufacturing Procedure: 

Dissolve the p-hydroxybenzoates in a portion of water 
for injection at 60-70°C- > and cool the solution to 25- 
35°C. Charge and dissolve all other excipients and the 
active ingredient. Bring the solution to final volume, 
filter it through a sterilizing membrane and fill into 
sterile containers* 
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Oral Formulations: 
a) Capsules: 

Formula 

Active ingredient 
Lactose 
Corn Starch 
Magnesium St ear ate 
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Quantities per capsule 
(nig.) (mg.) 



200.0 
223.0 

7.5.0 
2.0 
50O.0 



100.0 
111.5 
37.5 
1.0 
250.0 



Manufacturing Procedure: 

Blend the active ingredient, lactose and corn starch 
until uniform; then blend the magnesium st ear ate 

into the resulting powder. Encapsulate the mixture 
into suitably sized two-piece hard gelatin capsules. 



b) Tablets 
Formula 



Quantities per tablet 
(mg. ) (mg.) 



15 Active ingredient 
Lactose 
Corn Starch 

Water (per thousand tablets) 
Corn Starch 
20 Magnesium Stearate 

500.0 

* (The water evaporates during manufacture.) 



200.0 
211.0 

12.0 
(120 ml.)* 
75.0 
2.0 



100.0 
105.5 

6.0 
(60 ml. )* 
37.5 

1.0 
250.0 
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Manufacturing Procedurei 

Blend the active ingredient with the lactose until uni- 
form. Blend the smaller quantity of corn starch with the 
water and add the resulting corn starch paste, then mix 
until a uniform wet mass is formed. Add the remaining 
corn starch to the resulting wet mass and mix until uni- 
form granules are obtained. Screen the granules through 
a suitable milling machine, using a 3/4" stainless steel 
screen. Dry the milled granules in a suitable drying oven 
until the desired moisture content is obtained. Mill 
the dried granules through a suitable milling machine 
using 16 mesh stainless steel screen. Blend in the 

magnesium stearate and compress the resulting mixture 
into tablets of desired shape, thickness, hardness and 
15 disintegration. 
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CI AIMS r • 

1. The <R a R) optical isomer of labetalol^, namely 5- 
{ (R)-l-hydroxy-2-[(R)-(l-methyl-3'-phenylpropyl)amino]ethylJ 

salieylamide, said (R,R) optical isomer being substan- 
tially free of the corresponding (R,S), (S,R) and (S,S) op- 
tical isomers; and the pharmaceutic ally acceptable acid addi- 
tion salts thereof, especially its hydro- 
chloride, sulfate, maleate, tartrate, citrate, acetate, phtha- 
late, succinate, lactate, malate, cinnamate, hydrobromide 
and phosphate. 

2. 5- | (R)-l-Hydroxy-2-[(R)-(l-methyl-3-phenylpropyl) 
amino] ethyl] salicylamide and its hydrochloride, said hydro- 
chloride being a dimorphic compound with m.pts. of about 
133-13M°C. and about 192-193.5°C. , and [a]^ 6 of about -30.6° 
(cone. 1 mg./ml., ethanol); said (R,R) optical isomer being 
substantially free of the corresponding (R,S), (S,R) and 
(S,S) optical isomers. 

3. A process for the preparation of the (R,R) optical 
isomer claimed in claim 1 and of its pharmaceutically accep- 
table acid addition salts, substantially free of the corres- 
ponding <R,S), (S,R) and (S,S) optical isomers, which com- 
prises removing the protecting groups from "an N,0-protected 

(R,R) optical isomer or acid addition salt thereof, the term 
"NjO-protected" indicating that the basic nitrogen atom and 
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, the phenolic hydroxy group are protected, and Isolating 
the resulting (R,R) optical isomer as the free base or as 
a pharmaceutical^ acceptable acid addition salt. 

4 • A process as claimed in claim 3 wherein the step of re- 
5 moving the protecting groups is performed by hydrogenolysis , 
preferably by means of hydrogen and palladium on carbon, of 
protecting groups selected from N- or O-benzyl, N- or 0- 
benzyloxycarbonyl or N-trichloroethoxycarbonyl groups, in 
particular of N- and O-benzyl groups. 

10 5. A process as claimed in claim 3 or claim *J wherein 
the N,0-protected (R,R) optical isomer has been obtained 
by resolution of an N,0-protected (R,R)-(S,R) diastereo- 
isomeric mixture, by physical methods, in particular by 
chromatography on silica gel. 

15 6. A process as claimed in claim 5 wherein the N,0-pro- 
tected (R,R)-(S,R) diastereoisomeric mixture has been ob- 
tained by reduction of an N, O-protected 5- [ [R)-l-methyl- 
-3-phenylpropyl]glycyl J salicy'lamide, preferably by a 
borohydride in an organic solvent, in particular by sodium 

20 borohydride in a lower alkanol. 

7. A process as claimed in claim 6 wherein the N, O-protec- 
ted 5~ £ N-[(R)-l-methyl~3-phenylpropyl]glycyl^ salicylamide 
has been obtained by condensation of a ^-O-protected a-bromo- 
-3-carbamoylacetophenone with an (R)-N-protected-l-methyl- 

25 ~3-phenylpropylamine. 
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8. A process for the preparation of the (R,R) optical 
isomer claimed in claim 1 and of its pharmaceutical^ 
acceptable- acid addition salts, substantially free of the 
•corresponding (R,S), (S 3 R) and (S 9 S) optical isomers, 
which comprises condensing a Jj-O-protected-a-bromo-3- 

-carbamoylacetophenone- with an N-protected-l-methyl-3- 
-phenylpropyl amine 3 obtaining an N,0-protected 5-^N-f(R)- 
-l-methyl-3-phenylpropylJglycyl salicylamide either by 
using an (R)-N-protected-l-methyl-3-phenylpropylamine 
in the foregoing condensation or by resolving the resul- 
ting racemic N, O-protected 5-[N~l-methyl-3-phenylpropyl ) 
glycyl ] salicylamide, reducing the N,0-protected 5- | N- 
[(R)-l-methyl-3-phenylpropyl]glycylJ salicylamide to a mix- 
ture of an N,0-protected 5- { (R)-l-hydroxy-2- [ (R)- (1-methyl- 
-3-phenylpropyl )amino] ethyl ] salicylamide and the cor- 
responding (S,R) optical isomer, separating from this mix- 
ture the N,p-protected 5- [ (R)-l-hydrpxy-2- [ (R)- ( 1-methyl- 
-3-phenylpropyl) amino] ethyl | salicylamide, removing the 
protecting groups therefrom and isolating 5- £(R)-1- 

-hydroxy-2-[(R)-(l-methyl-3-phenylpropyl) amino] ethyl J sali- 
cylamide as the free base or as a pharmaceutically accep- 
table acid addition salt thereof; in particular the pro- 
cess comprising condensing ^-benzyloxy-a-bromo-3- carbajm °y 1 - 
acetophenone with (R)-(+)-N-benzyl-l-methyl-3-phenyl- 
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, propylamine to yield 2-0-benzyl-5~ £N-benzyl-N-[(R)-l-methyl 
-3-phenylpropyl]glycylJ salicylamide, reducing this 
compound to a mixture of 2-0-benzyl-5~ | (R)-l-hydroxy- 
-2- [ (R) - (l-methyl-3-phenylpropyl )benzylamino] ethyl j salicyl- 
5 amide and the corresponding (S,R) optical isomer, sepa-r 
rating from this mixture 2-0-benzyl-5- J (R)-l-hydroxy-2- 
- [ (R) -( l-methyl-3-phenylpropy 1 )benzylamino] ethyl^ sali-' 
cylamide, removing the protecting N- and O-benzyl groups 
therefrom by hydrogenolysis and isolating 5- [ (R)~ 

10 , -l-hydroxy-2- [(R)-(l-methyl-3-phenylpropyl)amino] ethyl j sa- 
licylamide as the free base or as a pharmaceutically accep- 
table acid addition salt thereof. 



9. Pharmaceutical compositions containing as active in- 
gredient 5- | (R)-l-hydroxy-2-[(R)-(l-methyl-3-phenyl- 

15 propyl ) amino] ethyl j salicylamide, characterized as ha- 
ving a hydrochloride salt which has a melting point of 
about 192-193- 5°C. and an [a]^ 6 of about -30.6° (cone. 
1 mg./ml., ethanol), said (R,R) optical isomer being sub- 
stantially free of the corresponding (R,S), (S,R) and 

20 (S,S) optical isomers, or a pharmaceutically acceptable 

acid addition salt thereof, together with a pharmaceutical 
carrier or excipient. 
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10. Compositions as claimed in claim 9 in the form 

of dosage units, e.g., tablets, capsules, pills, suppo- 
sitories or injectable preparations in ampoules, contai- 
ning preferably from 2 to 5 00 mg. of active ingredient 
per dosage unit. 

11. ' N,0-Protected 5" { (R)-l-hydroxy-2- [(R)-(l-methyl- 
-3-phenylpropyl) amino] ethyl} salicylamides , diastereoiso- 
meric mixtures of this (R,R) optical isomer with its • 
(S,R) diastereoisomer, and N,0-protected 5~ |H-[(R)-1- 
-methyl-3-phenylpro P yl] 'glycyl} salicylamide s , wherein 

the basic nitrogen atom" and the phenolic hydroxy group 
are protected by hydrogenolysable or readily hydrolysable 
groups; in particular the compounds 

2-0-benzyl-5- { (R)-l-hydroxy-2- [ (R)-(l-methyl-3- 
' -phenylpropyDbenzylamino] ethyl } salicylamide and 2-0- 
-benzyl-5- { N-benzyl-N- [ (R)-l-methyl-3-phenylpropyl] gly 
cyl | salicylamide- 
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